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Abstract
We analyze the current data on τ -lepton decays and show that they are con-
sistent with the Standard Model.
PACS numbers: 14.60-z, 12.15.Ff, 13.35+s
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There has been recently great interest on possible problem with decays of the τ -
lepton. These range from deviations of universality [1] to problems with branching
ratios into particular decay channels [2, 3].
In this note we point out that, provided an adequate analysis is adopted when
comparing theoretical predictions with experimental data, there is no such prob-
lem.
First of all it should be stressed that the only theoretical prediction that can
be actually made is the prediction for the partial rate into a particular channel
(Γτi ), where Γ
τ
i is the τ partial width of the decay into the i charged particle. It
is not possible to theoretically predict branching ratios if we do not know all the
decay channels. This is precisely the case of the τ lepton.
Now that we have defined what is theoretically predictable, it is rather clear
what should be the procedure for comparison with experimental data. We should
compare theory (Γτi ) with those experiments which measure the same quantity, i.e.,
experiments having both measurements for branching ratios (B.R) and τ lifetime
(ττ ). We will use the notation B
τ
i = B.R.(τ → i+X) where i means the charged
particle (lepton or hadron) and X denotes the corresponding neutrinos. We do not
adopt the procedure of averaging the existent world data since this ignores the fact
that not all experiments have measured both quantities. It is more sound to make
comparison on a experiment by experiment basis, which is what we now present.
Let us start by the theoretical result for the partial width from the paper of
Marciano [5, 6], which includes radiative corrections, using the current data from
Ref. [4]
Γ(τ → e−ντ ν¯e) = (4.11
+0.03
−0.04)× 10
−13GeV,
Γ(τ → µ−ντ ν¯µ) = (4.00
+0.03
−0.04)× 10
−13GeV,
Γ(τ → piντ ) = (2.55± 0.07)× 10
−13GeV,
Γ(τ → Kντ ) = (1.66± 0.04)× 10
−14GeV,
Γ(τ → hντ ) = (2.71± 0.07)× 10
−13GeV. (1)
The asymmetric errors come from the errors in the τ mass (mτ ) in Ref. [4],
mτ = 1784.1
+2.7
−3.6MeV. These results are compatible with calculations using the
preliminary more precise measurement from BES experiment at BEPC in Beijing,
mτ = 1776.9± 0.4± 0.3 MeV [7].
With the above theoretical values the following ratios can be computed:
Γτµe = 0.973
+0.010
−0.014 ,
2
Γτhe = 0.660
+0.017
−0.018 ,
Γτhµ = 0.678
+0.017
−0.018 , (2)
where we have defined Γτij = Γ
τ
i /Γ
τ
j and Γ
τ
h = Γ
τ
pi + Γ
τ
K .
If instead we want to use all available data we compare the ratios of branching
ratios (2), since this is also a clear theoretical prediction, with the ratios of exper-
imental ratios Rij = B
τ
i /B
τ
j . This comparison is displayed in Fig. 1. We see that
there is also no conflict between two standard deviations.
The experimental results [8, 9] are presented in Table 1.
We compare the theoretical predictions (1) with the data Bτi /ττ in Table 2.
For those experiments having measurements of the branching ratios and lifetime
we clearly see from Table 2 and Eqs. (1) that there is no conflict between theory
and experiments within two standard deviations.
The ratio between the leptonic and the hadronic width is particularly useful
as a theoretical prediction since this ratio does not depend on the τ lifetime but
is dependent on the τ mass as m2τ . The agreement we just pointed out makes less
important the issue of τ mass determination as stressed in Ref. [5]
Let us finally remark that mixing with a fourth generation although solving
the τ lifetime problem [2, 3], will not solve discrepancies in individual branching
ratios [5].
We conclude that the present experimental data on the τ lepton decays are
compatible with the Standard Model.
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FIGURE CAPTIONS
Fig. 1 Comparison of the theoretical (thick line) and experimental results for: (a)
ratio of the branching ratios for hadronic and leptonic decays, Rhµ = B
τ
h/B
τ
µ (con-
tinuous line) and Rhe = B
τ
h/B
τ
e (dashed line); (b) ratio of the leptonic branching
ratios, Rµe = B
τ
µ/B
τ
e (dotted line).
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Experiment ττ (10
−13sec) [8] Bτe (%) [9] B
τ
µ (%) [9] B
τ
h (%) [9]
ALEPH 2.95± 0.10± 0.05 18.09±0.45± 0.45 17.35±0.41± 0.37 12.55±0.55
OPAL 3.08±0.13 17.4±0.5± 0.4 16.8±0.5± 0.4 12.1±0.7± 0.5
L3 3.09±0.23± 0.30 17.7±0.7± 0.6 17.5±0.8± 0.5 —————
DELPHI 3.14±0.23± 0.04 18.6± 0.8± 0.6 17.4± 0.7± 0.6 11.9± 0.7± 0.7
ARGUS 2.95±0.14± 0.11 17.3±0.4± 0.5 17.2±0.4± 0.5 11.7±0.6± 0.8
CLEO 3.25±0.14± 0.18 19.2±0.4± 0.6 —————- —————
CELLO ————– 18.4±0.8± 0.4 17.7±0.8± 0.4 12.3±0.9± 0.5
Table 1: Experimental data for τ -decays.
Experiment Rτe/ττ × 10
−13GeV [8, 9] Rτµ/ττ × 10
−13GeV [8, 9] Rτh/ττ × 10
−13GeV [8, 9]
ALEPH 4.04± 0.21 3.87± 0.19 2.80± 0.16
OPAL 3.72±0.21 3.59±0.20 2.59±0.21
L3 3.77±0.50 3.73±0.50 ———————
DELPHI 3.90± 0.37 3.65± 0.35 2.50± 0.29
ARGUS 3.86± 0.27 3.84±0.28 2.61±0.27
CLEO 3.89±0.31 ———————— ———————
Table 2: Experimental partial widths, with the same notation of Table 1.
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